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ABSTRACT

Mumtaz, Fawzia. M.S. Purdue University, December 2014. Management of bacterial wilt
on muskmelon using Actigard® (acibenzolar-S-methyl). Major Professor: Rick Foster.

Bacterial wilt of muskmelon caused by Erwinia trachephila (E.F. Smith), is one of the
most important diseases of cucurbits, particularly muskmelon, in the world. This
pathogen is transmitted by the striped cucumber beetle, Accalyma vittatum (F.), and
causes serious economic losses in fruit yield and quality. Control of this disease is usually
accomplished by applying insecticides to kill the beetles before disease transmission
occurs. The goal of this study was to reduce the bacterial wilt incidence or beetle feeding
on muskmelon using an alternative control method, the plant activator acibenzolar-Smethyl (Actigard)®. The potential for using acibenzolar-S-methyl as a foliar spray was
evaluated by using different rates, number of applications and timing of Actigard®
compared with standard insecticides. Muskmelon plants treated with Actigard® at a
concentration of 28.3g per acre 6 times had a significant reduction in plant vigor and
yield. Actigard® treatment at the recommended concentrations (28.3g and14.17. per acre)
did not reduce bacterial wilt severity or incidence. Likewise, Actigard® did not kill
striped cucumber beetles or reduce their populations on muskmelon plants.

x
These results suggest that acibenzolar-S-methyl (Actigard) ® does not offer a viable
alternative to managing bacterial wilt with pesticides.
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CHAPTER 1 INTRODUCTION

The goal of this research is to assist commercial muskmelon growers in Indiana
(USA) and Afghanistan in the management of bacterial wilt of cucurbit, which is caused
by the bacterium Erwinia tracheiphila. This pathogen is vectored by the striped cucumber
beetle Accalyma vittatum (F.), and the disease can cause nearly total losses of the crop.
Bacterial wilt is usually managed by multiple applications of insecticides to control striped
cucumber beetles before they can transmit the bacterium. A new strategy to manage
bacterial wilt involves applying Actigard®, a systemic compound containing acibenzolarS-methyl. Actigard® has a unique mode of action that mimics the natural resistance
response found in plants which results in the “Host Plant Defense Induction” against
bacterial wilt (Cole, 1999).

The major objective of this research activity is to determine the potential of using
Actigard® to manage bacterial wilt in muskmelons in the field. To determine the
Actigard® potential as a management strategy, the efficacy, concentration, timing, and
one application method of Actigard® was evaluated for bacterial wilt without interfering
with yield.
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1. To determine if Actigard® reduces the severity of bacterial wilt and reduces
the population of striped cucumber beetles on muskmelon.
2. To determine how Actigard® application affect the yield of muskmelon
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Literature Review

Muskmelon (Cucumis melo)

Muskmelons belong to the family Cucurbitaceae, the gourd family. Melons are
thought to be of African origin and were dispersed to Asia by humans. Muskmelons were
introduced in the Americans during the pre-Colombian times (Pitrat and et al., 1997). The
genus Cucumis is comprised of 32 species, with C.melo containing numerous subspecies
(Kerje and Grum, 2000). Muskmelons produce fleshy round fruits containing more than
95% water and are a good source of potassium, Vitamin A, and several antioxidant
flavonoids. Most people, however, eat muskmelons because of their delicious taste
(Mallick and Masui, 1986).

This vining plant grows in warm regions with long summers. Muskmelons are
monoecious plants, which produce male and female flowers individually on the same
plant. Their pollen is adhesive and bulky and cannot be moved by wind. Generally, nectar
collector bees such as honeybees and bumble bees are the major pollinators for
muskmelon. Muskmelon is aromatic when ripe and the vine slips off from the fruit. The
cultivar “Athena” used in this study is known as an Eastern U.S. muskmelon. It is yellow
to orange with thick, firm flesh, early maturation, and an oval shape with coarse netting.
In general, the average weight of muskmelon is 2 to 3 kg.
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In temperate climates, it is a good practice to sow the seeds in a greenhouse about 4
to 5 weeks before transplanting because melons are cold sensitive plants and chilling
temperatures could kill the young seedlings. Muskmelon can grow in a wide range of soil
types. The soil should have good drainage with a pH above 5.8. Muskmelons are often
grown on raised beds covered with black plastic mulch with trickle irrigation beneath the
plastic.

Plants should be separated by 0.5 to 0.7 meters within the row and rows should be
1.5 to 2 meters apart (Walters and Schultheis, 2000). In Indiana, the field production
season begins in late April for plants protected by low tunnels, with the majority of
transplanting occurring in May after the danger of frost has passed. Harvest begins in July
and continues through September in more northern areas. Muskmelon is a major economic
crop in Afghanistan and grown widely across the country, especially at the northern
provinces such as Balkh, Samangan, Takhar, Baghlan, Kunduz, Kandhar and Qataghan
(Foschini, 2011).

The field production season is based on the farmer’s experiences, and usually
begins in late February till March after the danger of frost has passed; the farmers usually
wait until the weather become warm and frost free (USAID and MAIL, 2007).
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Marketing and Demand

Over 220,000 hectares of muskmelon are planted each year with a value of more
than 1.1 $ billion in the United States (Brust, 1997). Muskmelon consumption has more
than doubled over the past 35 years in the United States (Lester, 2006), and by consuming
of 12.1kg per capita the United States is the world’s leading consumer of melon.

In 2004, muskmelon production was estimated at around 244,000 metric tons in the
North and Central America (Nunez-Palenius et al., 2008). Indiana, the fourth highest
melon producing state, produced cantaloupe valued at $12,698,000 per year (USDA,
2012).Muskmelon production and consumption is important in Afghanistan, as it has been
since ancient times. Afghanistan has favorable weather conditions that permit farmers to
grow melons for domestic consumption and export. Afghanistan produces 1% of the
world’s melons. Annually around 580,598 metric tons of melons are produced with a value
of around $126 million (USAID and MAIL, 2009).

Striped Cucumber Beetle

The striped cucumber beetle, Acalymma vittatum (F.) belongs to the family
Chrysomelidae, and order Coleoptera. It is a well-known and major pest of cucurbit plants
in the United States. Although they need 40 to 60 days to complete a generation, weather
has a huge influence on their development (Capinera, 2001). Every season, striped
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cucumber beetles cause serious damage to all cucurbits, but more seriously impact
cucumbers and muskmelon. In early spring, the overwintering beetles can destroy newly
emerged seedlings or cotyledons. However, they are able to feed on the mature plants
throughout the summer. It has been estimated that 7.1 to 10.7 percent of overwintering
adults are able to transmit the wilt bacterium early in the season, and during May or June
a single beetle could infect 1 to 2 percent of plants by feeding on them (Fleischer et al.,
1999; Brust, 1997; Mitchell & Hanks 2009). More importantly, striped cucumber beetles
serve as the major vector of the bacteria (Erwinia tracheiphila) that causes bacterial wilt
of cucurbits (Brust and Foster, 1999).

This insect is a major concern to muskmelon growers due to their severe
transmission of bacterium in muskmelon plants, and can result in nearly a complete loss of
a crop because of the lack of understanding of relationship between pathogen and vector.
Since bacterial frass has not been studied as a source of inoculum and the reality is that
bacterium neither can survive on the dead plant nor in the soil which potentially means that
the bacterium must be overwintering in the gut of the adult beetle (Mitchell and Hanks,
2009).

Although the beetles that emerge in early spring have the bacterial antigen, this
antigen is not enough to support that bacterium are viable (De Mackiewicz et al., 1998).
Killing the vector is the accepted strategy to manage the bacterial wilt disease in cucurbits.
The economic threshold has been established as 1 beetle per plant since research has shown
that plants having a beetle density of 0 to 1 per plant do not show any symptoms of wilt
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disease; however, significant wilt developed on plants with densities of >1 beetle per plant
(Brust and Foster, 1999). In Minnesota, the potential yearly loss due to striped cucumber
beetle has been estimated at $ 2.6 million US, if insecticides were not applied for beetle
control (Burkness and Hutchison, 1998). In addition, Brust’s unpublished data showed that
90% of bacterial wilt infections in southwest Indiana happened prior to 5 June 1997 when
pesticides were not applied.

Traditional control practices depend on pesticides use, which is expensive and not
environmentally safe (Adler and Hazzard, 2009). Striped cucumber beetles are also a
major constraint for muskmelon producers in Afghanistan. It can cause significant losses
to the muskmelon producers in different parts of Afghanistan such are Khandharr, Kunduz,
Balkh, Bakhlan and other northern provinces (Foschini, 2011).

To have an efficient management of a disease, it is very important to have complete
information and understanding of a pathogen, its characteristics, disease life cycle,
including climatic factors which have an impact on the cycle, cultural requirements of the
host plant, vector biology if it is vectored by another living agent, and primary inoculum.
Therefore, it is essential to mention the pathogen biology and vector biology to have a
better understanding of the research.
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Biology of striped cucumber beetle

The striped cucumber beetle, Acalymma vittatum (F.), belongs to the
Chrysomelidae (leaf beetle) family. Their feeding is restricted to the Cucurbitaceae family
except in early spring and late fall. During the spring, when the temperature is above the
18C0, the beetles begin to emerge from diapause. High temperature and high humidity have
positive effects on the beetle population. Beetles start feeding during the night and are
inactive during the middle of the day where they hide under the leaves or in the soil cracks.
Cucurbits produce volatile phytochemicals that attracted the striped cucumber beetles and
the bitter cucurbitacins make cucurbit plants more attractive for feeding (Carroll &
Hoffman 1980; DaCosta & Jones 1971; Tallamy, 1985).

Once beetles find the cucurbit plants, they stop searching for another plant and
begin uncontrolled feeding, which can be triggered even by as little as1ng of cucurbitacins.
Cucurbitacin is the oxygenated tetracyclic triterpene that can act as a protectant for striped
cucumber beetles after consumption. Cucurbitacins convert to dihydrocucurbitacin D
glucoside by hydrogenation, desaturation, acetylation and glycosylation then it is
sequestered in the hemolymph, reproductive organs and exoskeleton, here its provides
protection for the striped cucumber beetle (Halaweish et al.,1999). Furthermore, the male
beetles release an aggregation pheromone, which leads to an incre ased beetle population
(Metcalf et al., 1982).
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Mating takes place throughout the summer, and the female burrows into the soil
and places her eggs near the host plant’s roots. The larval stage causes minor damage to
the roots. The beetles damage the plant in 3 different ways. First, in the spring, they begin
feeding on the newly emerged seedlings, and sometimes they burrow in soil cracks to attack
the germinating seeds. Second, later in season, beetles begin feeding on the stems, leaves,
and blossoms. For transmission of Erwinia tracheiphila, the beetle must feed long enough
to create a wound and then defecate into that wound. Moisture due to rainfall, irrigation, or
dew moves the infected frass into the plant system. After a period of several weeks, the
diseases symptoms appear and can reduce the plant vigor and cause yield loss (Gould,
1944). Third, in fall, when the leaves are hard and unattractive for beetle feeding, they feed
on the fruits.

The most important loss comes from the bacterial dissemination in the cantaloupes
(Gould, 1944). Cucumbers and muskmelon are more susceptible to this disease than
watermelon, which is not affected (Foster and Brust, 1995). Even though the striped
cucumber beetle has been known as a severe pest for many years, the overwintering
diapause habitat was unknown until 1929, when George Gould, a Purdue University
entomologist, discovered their overwintering sites (Gould, 1944).

Its post-diapause activity corresponds with cucurbit plants development in
temperate latitudes. Striped cucumber beetles usually overwinter as adult beetles (Smyth
and Hoffmann, 2002; Smyth and Hoffmann, 2003). The tachinidi fly, Chactophleps setosa
Coq is a natural enemy of striped cucumber beetles found in Indiana. The fly implant small
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maggots into the thoracic region of the beetle, and the maggots grow and develop inside
the body of the beetle. At maturity, the flies break out of the body of beetle at the junction
of the thorax and abdomen. However, natural enemies are not important factors in the
regulation of striped cucumber beetle populations (Gould, 1944).

Unique Internal Anatomy of Striped Cucumber beetles

The striped cucumber beetle is a specialist herbivore of cucurbit plants that is
attracted to the cucurbitacin of the cucurbit plants. The adult beetle’s alimentary canal
consists of the foregut, including the pre-oral cavity, pharynx, esophagus, and crop, but
without a well-developed proventriculus. They have unique ventriculus with crinkles or
folds that contain 65% of the length of the gut and are lined with a peritrophic membrane,
but without caeca for symbiont shelter. The hindgut consists of a colon, rectum and four
malpighian tubules. The striped cucumber beetle’s hindgut and foregut have a row of
spines made of cuticular intima, and forms the folds inside the foregut and hindgut. As a
result, bacteria can only survive inside the foregut and the hindgut’s rows of spines and
folds (Garcia-Salazar et al., 2000a).

Introduction of Erwinia Trachephila and Bacterial Wilt

Erwinia trachephila was first named in 1895 by Erwin Smith as Bacillus
trachephilus (Ainsworth, 1981). Subsequently, Bacillus trachephilus was amended to
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Erwinia tracheiphila and Erwinia amylovora var. tracheiphila , and is now known as
Erwinia trachephila (E.F Smith), (Caudle, 2013). This bacterium is the causal agent of
bacterial wilt in cucurbits especially affecting cucumber and muskmelon. Bacterial wilt is
the most serious bacterial disease of cucurbits in Indiana, and losses range from 5 to 30%
for cantaloupe and 10 to 30 % for cucumber (Gould, 1944). Bacterial wilt of muskmelon
is vectored by the striped cucumber beetle (Gould, 1944). Bacterial wilt of cantaloupe is a
destructive disease because once plants exhibit symptoms of disease, no possible control
is available (Brust and Rane, 1995). Therefore, disease progress depends on the amount
of bacterium inoculum, feeding injury by the beetles, and striped cucumber beetle density
in the muskmelon field (Ellers-Kirk and Fleischer, 2006).

Biology of Erwinia tracheiphila

Erwinia tracheiphila is a gram-negative, rod –shaped, motile bacterium with
peritrichous flagella (Zitter, 1997). This pathogen multiplies in plant tissue at the margins
of wounds caused by cucumber beetle feeding and spreads to vessels via dissolved cell
walls, eventually causing clogging and discoloration of xylem vessels. In this fashion, the
bacteria enter the vascular system where they produce exo polysaccharides that block the
water flow of the plant. Bacteria continue to multiply and spread to other portions of the
plant causing wilt and death of the plant. Infected plants serve as a source of inoculum for
the subsequent spread of bacterial wilt (Rojas and Gleason, 2012).

12
The overwintering mechanism of E. tracheiphila in the adult beetles is unclear.
Early observations indicated that E. tracheiphila overwinters in adult cucumber beetles
intestinal tracts although subsequent histological investigation revealed that the vector
lacks a caeca to shelter E. tracheiphila (Garcia-Salazar et al., 2000 b). Thus E.
tracheiphila may survive in “rows of spines and multiple folds within the foregut and
hindgut” (Garcia-Salazar et al., 2000 a). According to the Garcia-Salazar et al (2000 b)
bacterium overwinters in the alimentary canal of the adult beetle and its frass is infested
with the bacterium. When bacteria-infested frass of the beetle comes into contact with
fresh feeding wounds of leaf, stem, or flower, transmission occurs (Rojas, 2013).

The vascular wounds are the only direct entry for the bacterium (Sasu et al., 2010).
More recent studies suggested that asymptomatic weed hosts may play a major role in the
survival of the wilt bacterium .E. tracheiphila remains viable in dried plant debris for very
short periods of time (Fleischer et al., 1998). E. tracheiphila can survive on infected
muskmelon leaves; Brust (1997) showed that placement of E. tracheiphila inoculum on
leaves followed by wounding up to 6 hours later may cause wilting of leaves. Even though
E. tracheiphila is primarily a vascular pathogen, there is evidence that E.tracheiphila is
also persistent and viable as an epiphyte (Rojas and Gleason, 2012). Based on this finding,
E.tracheiphila is not seed-transmitted and there is no evidence to support its survival in the
soil. The latent period of E. tracheiphila varies from several days to several weeks (GarciaSalazar et al., 2000b).
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The rate of disease development is usually faster for young plants compared to more
mature plants for several reasons: young plants are succulent and more attractive to beetles
rather than mature plants. Mature plants, have harsher leaves and stems, which are neither
attractive nor favorite food sources for the striped cucumber beetles. In addition, mature
plants compared to young plants can tolerate up to 25% defoliation caused by beetle
feeding with no impact on yield (Hoffmann et al., 1996; Snyder and Wise, 2001). Therefore,
the beetle population naturally declines in mid-summer because older hosts are not a
preferred food source for the beetle because they are diseased and not more attractive to
them (Gould, 1944).

Erwinia tracheiphila (E.F. Smith), travels greater distances in more mature plants
than in the younger plants to induce wilting. During their dispersion time, the pathogen
could move into the maturing fruit making it unmarketable. Wilting usually starts with a
single leaf or vine branches and leads to entire plant collapse (Latin, 1993; Rojas et al.,
2012). The role of weather on disease development is only moderate because the same
weather that favors bacterial wilt also favors plant growth (Burkholder, 1960; Watterson
et al., 1971).
Current status for the management of bacterial wilt disease and striped cucumber beetle:

Most bacterial wilt management schemes have attempted to control bacterial wilt
by controlling the vector (Gould, 1944). Many different practices and techniques have been
used to manage the striped cucumber beetles in cantaloupe and muskmelon; however,

14
disease control is still often unsatisfactory. Insect repellents such as triterpenoids from
neem has been used to protect the plant by inhibiting the beetle’s feeding and these
compounds are often repeatedly applied as the beetle is observed in the field (Reed et al.,
1982). The logic behind these multiple sprays is to protect the plant during the early
growing season from the cucumber beetle; however, it cannot control the bacterial wilt
incidence on the plant (Reed et al., 1982).

Similarly, semiochemical-based toxic baits containing cucurbitacin as an attractant
and feeding stimulant for striped cucumber beetle and carbaryl as a toxicant has been used.
The beetle numbers were significantly reduced compared to the untreated control, but
compared to the carbaryl spray, control was slow since liquid-baits treatments require 2448 hours to eliminate the beetle. At the first harvest the rate of beetle damage and bacterial
wilt on the plant were similar in carbaryl and bait treatments (Brust and Foster, 1995).

The consequences of insecticide-based management, especially foliar insecticide
sprays can injure pollinators, beneficial insects and many are highly toxic to aquatic
organisms. To control the vector and eliminate the wilt disease, additional mechanisms
such as insecticide-spray based on beetle thresholds, boundary trap crops, kairomonal
baits and entomo-pathogenic nematodes were used (Rojas et al., 2011).

Boundary trap crops such as Blue Hubbard squash are more attractive to the striped
cucumber beetles than muskmelon and can be a simple way of controlling beetle by
planting them around the edges of the main crops because beetles usually overwinter in the
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woods at the edges of the field and when they migrate into the field they will be attracted
to the border crops. The beetles’ affinity to the trap crop will cause them to remain there,
reducing beetle populations in the main crop, resulting in reduced use of insecticide, but
this system is not used in the commercial agriculture (Cavanagh et al., 2009). In addition,
boundary trap crops may cause pollen transfer between the main crop and border crop that
may reduce the fruit, seeds and yields (Hladun and Adler, 2008).

Botanical insecticide such as pyrethrum was used to control the insect pests.
Pyrethrum insecticides are extracted from the flower chrysanthenum and are nonpersistent residue on plant. Although pyrethrum has a rapid action with little toxicity to
mammals, it can increase the population of secondary insects such as mites, by killing
their natural enemies (Hardman et al., 1988). Moreover, muskmelon plant’s nectar by
having phenolic compounds and proteins also has some antimicrobial activities that
prevent E. tracheiphila growth. Nectar has ability to decrease bacterium transportation
via the nectaries, and uncover the potential for floral-transmitted pathogens that influence
the floral characteristic development (Sasu et al., 2010).

In addition, Sasu et al. (2010) found that “When the nectar is removed from the
flower, the plants are 4X more likely to contract wilt disease.” It also has recommended
that cucurbit plants nectar removal could facilitate E. tracheiphila transmission through
floral nectaries of cucurbita species. For instance, the repetitive foraging of nectarforaging bees, during the whole morning can promote E. tracheiphila infection, and also
made the bacterium transport smooth via nectary (Sasu et al., 2010).
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Neonicotinoids are neurotoxins that act systemically on a pest, and protect the plant
entirely because it has the ability to move into the plant’s tissues, and it is greatly toxic to
most arthropods (Elbert et al., 2008). Although neonicotinoids insecticides are very
selective with low residue mammalian toxicity, they are extremely toxic to pollinator bees
(Elbert et al., 1990; Krupke et al., 2012).

Conversely, neonicotinoid insecticides accumulate and remain in the soil where
they can leach into the waterways impacting aquatic invertebrates (Goulson, 2013).
Moreover, birds and granivorous vertebrates consuming neonicotinoid compound treated
seeds in small quantities can die. Neonicotinoid compounds are considered a threat to the
ecosystem by impacting the non-target taxa (Goulson, 2013). Neonicotinoid compound
work as nicotinic acetylcholine receptors and cause persistent excitation of the receptor,
potentially resulting in consumption of ATP energy (Krupke et al., 2012).

Another alternative to conventional pesticide use for vector control is bio-pesticides.
Bio-pesticides are derived from the plant, animals, bacterial, certain minerals and basically
from natural materials to suppress the population of a pest and having a protective effect
on plants. Bio-pesticides are safe to use because of their safety for humans, animals and
the environment. Example includes microbial pesticides (Bacillus thuringiensis), insect sex
pheromones, and aromatic plant extract that trap and attract insects; moreover insectpathogenic fungi that are very specific to insect species and usually attack sucking insects
by penetrating their body. However, bio-pesticides production and assessment of efficient
strains of pathogens including their host range, is a challenge (Roger, 2012).
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Physical barriers, such as row covers have been used to exclude striped cucumber
beetles from the host plants because fabric row covers are porous, light and can transfer
about 80% sunlight. Metal hoops placed over the plants can easily support the covers
(Roger et al., 1990). Although row covers can be used to reduce the incidence of the
disease, the cost of the cover raised crop production expenses by nearly 45%, and covers
cannot provide a long term protection from bacterial wilt (Rojas and Gleason, 2012).
Overall, insecticide-based control strategies have had their advantages, as well as
significant disadvantages. An alternative method of controlling bacterial wilt disease
include maintaining plant health, and increasing plant vigor rate by inducing plant
immune system, and applying acibenzolar-S-methyl (Actigard)®, a plant growth
activator. In this field experiment we tested Actigard® as a growth activator to reduce
bacterial wilt incidence and reduce striped cucumber beetles feeding population on the
muskmelon plant.
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Acibenzolar-S-methylm (ASM), the Plant Systemic Acquired Resistance Inducer

Background

In 1996, Syngenta developed and presented acidbezolar-S-methyl compound as a
plant activator to control wheat powdery mildew in Germany and Switzerland (Kessmann
et al., 1996; Buonaurio et al., 2002). The usage of systemic resistance inducers in plants
is to make the environment safe by controlling plant diseases (Buonaurio et al., 2002).
Acibenzolar-S-methyl-S-methyl (ASM) is the active ingredient in Actigard® and Bion®;
unlike most fungicides and bactericides ASM does not possess anti-microbial activity
(Maxson-Stein et al., 2002).

Systemic Acquired Resistance (SAR) has an efficient broad spectrum activity
against pathogen and it is unlikely to induce resistance by the pathogen. Systemic
acquired resistance is an inducible defense mechanism of the plant that triggered upon the
infection of necrosis-causing a virulent pathogen. SAR has been known to induce
pathogenesis-related protein (PR), and increasing level of salicylic acid in the plant
(Govrin and Levine, 2002). The significance of the (PR) protein, during plant defense
response pathogenesis- related (PR) proteins serve as a main soluble protein. It has a
common physicochemical characteristic which allow them to endure acidic pH and
proteolytic cleavage that enable pathogen to survive the severe environment.
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Salicylic acid is involved with plant signal transduction pathways that lead to
disease resistance and also local resistance. SAR is correlated on salicylic acid aggregation
which corresponds with pathogenesis-related protein (Cools and Ishii, 2002). Cameron et
al. (1994) have biologically induced SAR in Arabidopsis plants by inoculating the leave
with an avirulent strain of Pseudomonas syringae that immunized the plant against the
following attack by a virulent strain of P.syringae. Although ASM is biologically activated
by the contact of necrotizing pathogens or root colonizing bacteria, it is not directly active
on plant pathogens (Maxson-Stein et al., 2002).

Instead, acibenzolar-S-methyl-s-methyl (ASM) promotes the plant’s defense
system and mimics the plants systemic acquired resistance (Cole, 1999). Huang et al. (2000)
reported that ASM work as a synthetic activator of SAR in cucurbits and other crop species.
ASM has been used widely to control different pathogens of plant diseases such as fire
blight of apple, bacterial speck on tomato and bacterial spot on tomato. Moreover, ASM
was used successfully to control several diseases of tobacco such as bacterial necrotic
lesion, angular leaf spot, rhizoctonia leaf spot and frogeye leaf spot (Cole, 1999).

Fire blight in apples caused by the bacterium, Erwinia amylovora invades flowers
and vegetative parts and eventually causing necrosis of infected plant parts. ASM has no
bacteriostatic effect, but can systemically mobilize two defense related enzymes,
peroxides and beta-1, 3-glucanases which generate the systemic acquired resistance in
apple (Brisset et al., 2000). There is good evidence that ASM promotes systemic
resistance in apple. (Brisset et al., 2000). ASM was used with copper oxychloride to
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reduce the symptoms of lesion of tobacco that cause by Pseudomonas syringae pv tabci
tox +; however, mild phyto-toxicity was observed (Cole, 1999).

Buonaurio et al. (2002) study reports that ASM reduced the severity of bacterial
spot disease of pepper by inducing SAR. However, an application every two weeks on
one cultivar resulted in reduction of bell pepper yield (Romero et al., 2001). ASM has
been tested against bacterial canker of tomato caused by C. michiganesis and ASM
induced the SAR in tomato plant and reduced the severity of bacterial canker of tomato
(Baysal et al., 2003). Sheath blight of rice has been controlled by ASM through its
limited fungitoxicity against Rhizoctonia solani that diminished its mycelial and sclerotia
growth. In addition, the foliar or drench application of ASM had two distinct effects:
restricting the disease development and its preventing pathogen dissemination to younger
plants (Rohilla et al., 2002).ASM was also effective in controlling cucumber mosaic virus
in melon, fungal disease in melons, and tomato spotted wilt virus (Smith-Becker et al.,
2003; Csinos et al., 2001).

A single spray of ASM on rock melon cultivars Eldorado and Southern cross
prior to flowering significantly reduced the occurrence of postharvest diseases caused by
Fusarium sp. and Alternaria sp ; therefore, a single application of ASM to foliage prior
flowering can lead to systemic resistance in foliage and affect disease severity (Huang et
al., 2000). ASM foliar application is reported on muskmelon that highly induced the
SAR in ‘Earl’s Seinu’ melons against the Cucurbit chlorotic yellows virus and decreased
the CCYV accumulation significantly (Takeshita et al., 2013). ASM has been confirmed
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by inducing systemically acquired resistance in melon either via pre-harvest or postharvest treatment by integrated with protective fungicide (Yang et al., 2010).

Acibenzolar-S-methyl-S-methyl is known as a plant defense activator since it
stimulate the signal transduction pathway which is related to systemic acquired resistance
(Takeshita et al., 2013). ASM use is a method to manage bacterial wilt of muskmelon
compared to the insecticide application because ASM has no phyto-toxicity to pollinators
and is not likely induce the pathogen resistance (Ishii et al., 1999). We propose to study
the efficacy of acibenzolar-S-methyl-S-methyl (Actigard) on muskmelon to determine if
ASM will be an effective, environmentally safe and economical management tool for
bacterial wilt of muskmelon.
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Hypothesis and Objectives

Comparison of the effects of conventional insecticides on striped cucumber beetle
Accalymma vittatum (F.) and the costs of insecticide applications reveals that the use of
acibenzolar-S-methyl (ASM) offers an alternative strategy to pesticide to manage bacterial
wilt of muskmelon.

Our goal in this study was to test acibenzolar-S-methylto control bacterial wilt of
muskmelon. We hypothesized that acibenzolar-S-methyl will reduce the bacterial wilt
severity on muskmelon by inducing systemic acquired resistance in the plant, thus
increasing yield, and reducing beetle feeding. To discern whether ASM can be effectively
used to manage bacterial wilt on muskmelon, the following specific objectives were set for
the two years of field research.

The specific objectives were:



To determine if acibenzolar-S-methyl reduces the severity of bacterial wilt
on muskmelon and/or reduces striped cucumber beetle population.



To measure yield components for commercial muskmelon production with
different acibenzolar-S-methyl use patterns.
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CHAPTER 2 EVALUATING THE EFFICACY OF ACIBENZOLAR-SMETHYL (ACTIGARD) ® ON DISEASE SEVERITY OF BACTERIAL
WILT ON MUSKMELON AND STRIPED CUCUMBER BEETLES
POPULATION

Introduction

Bacterial wilt of cucurbits caused by the pathogen Erwinia trachiphila (E.F.
Smith), is one of the limiting factors in muskmelon (Cucumis melo L) production in the
Midwest and eastern United States, as well as throughout the world. Over 220,000 hectares
of muskmelon are planted each year with a value of more than 1.1 $ billion in the United
States (Foster and Brust, 1997). This disease affects several cucurbit species, and can
severely limit the yield, up to 100% loss. Once an infection occurs and wilting has begun,
the disease cannot be controlled. Generally, symptoms of infected muskmelon are
characterized by the onset of wilting of a single leaf or a set of leaves on the vine, and soon
after, the entire runner will start wilting. In the beginning the collapsed leaves and vines
will have a dark green color. Later in the season, they will undergo necrosis, and eventually,
the vines, leaves and fruit may shrivel and die (Sasu et al., 2010).
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A key diagnostic test for this disease is to cut the wilted stem and look for a slime
exudate. The “bacterial ooze test” is where two pieces of the stem are held together and
slowly pulled apart. The presence of a sticky slime between the two pieces is indication of
the presence of the bacterial wilt disease (Seebold and Bessin, 2014). Striped cucumber
beetle Acalymma vittatum (F) is the primary vector the pathogen, which overwinters in the
digestive system of the adult insect (Garcia-Salazar et al., 2000 a). As the beetle feeds on
the plant, it deposits its frass near the feeding wound. The bacterium in the frass or feces
enters the plant system with the presence and aid of moisture due to rain, dew or irrigation.
The transmission efficiency of Erwinia tracheiphila is based on inoculum quantity, wound
size, and infested beetle feeding time on plant (Brust, 1997; Lukezic et al., 1996).

Although the striped cucumber beetle is not a new pest, and information about its
control has been published for more than a hundred years, control practices are still
unsatisfactory (Gould, 1944).

There are no commercially resistant cultivars of

muskmelons accessible to the growers for use (Brust and et al., 1996). Studies have shown
that there is no difference between resistant and nonresistant plants to E.tracheiphila (Saus
et al., 2010). Controlling the vector with insecticides is the only practical method for
avoiding bacterial wilt (Gould, 1944).

Bacterial wilt may reduce muskmelon yields by 80% if not controlled (Rojas et
al., 2012). Carbofuran, a systemic insecticide, was used widely to control the striped
cucumber beetle, but it can contaminate the ground water, and its repeated application
can destroy the soil’s essential elements. Carbofuran’s granular formulation is very toxic
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to birds (Fleisher et al., 1999). The alternative strategies such as carbaryl/ kairomonal
baits, row covers and perimeter trap crops can be effective in decreasing the incidence of
bacterial wilt, but require more labor and at higher cost (Fleischer et al., 1998).

Neonicotinoids are family of insecticides that are safe to mammals and broadly
used (Elbert et al., 2008). Neonicotinoid have a broad spectrum activity, and used generally
as plant systemics, in soil, seed and leaves that travel in plant system and provide protection.
They are neurotoxins that disturb the insect nicotinic acetylcholine receptor by causing
perpetuation in the nicotinic acetylcholine receptor (Tomizawa and Casida, 2005). In
contrast, they have a harmful impact in the soil, causing harm to the aquatic invertebrates
because neonicotinoids accumulate in the soil and are easily leached by rain. They also
reduce significantly the colonies of bumblebees (Goulson, 2013). Pyrethriods have a
harmful impact on natural enemies. Weekly application of pyrethriod insecticides costs at
$ 160-200/hectare per year, and limit losses due to bacterial wilt to 1-2% of the plants.
However, pyrethroids are harmful to natural enemies and could easily result in secondary
pest outbreaks by killing natural enemies which may require additional pesticide
applications to control secondary pests such as aphids and mites (Brust and Foster, 1995).

Moreover, Brust et al. (1996) found that weekly sprays of permethrin resulted in
significantly lower yields than fewer sprays applied at the economic threshold. Some of
the pest management strategies were successful to some extent; however, they had their
concerning disadvantages of killing natural enemies, and pollinators as well as worker
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safety (Rojas and Gleason, 2012). A new efficient and economical management method
is needed to gain growers satisfaction.

The purpose of this research is to investigate whether acibenzolar-S-methyl reduces
the bacterial wilt rate, and beetle populations by inducing systemic acquired resistance
(SAR). Acidbezolar-S-methyl (benzo-[1, 2, 3]-thiadizole-7-carbothiotic acid-S-methyl
ester, ASM; Bion 50 WG) is a plant natural defense activator that boosts resistance markers
activities such as peroxidase (POX) and chitinase in plants that lead to systemic acquired
resistance (SAR).

Systemic acquired resistance is the plant defense response to the pathogen that
limits pathogenesis of many pathogens, it can be induced by the necrotizing or - a
virulent pathogens, certain chemicals and biotic elicitors (Louws, 2001). Accumulation of
salicylic acid is important to trigger SAR (An and Mou, 2011). According to Louws et al.
(2001) “Acibenzolar-S-methyl has been studied as a principle component of disease
management strategies in a limited number of field experiments”. The acibenzolar-Smethyl ability to induce SAR in a number of plants such as tomato, melon, apple, rice,
etc., led to our objective to determine field efficacy of this plant activator against
bacterial wilt of muskmelon.

Therefore, a standard application system of acibenzolar-S-methyl was used with
different rates and timings of application. We hypothesize that Actigard® will reduce
bacterial wilt severity on muskmelon.
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Method and Materials

Field experiments were conducted at two locations, the Meigs Farm near Lafayette,
IN and the Southwest Purdue Agricultural Center in Vincennes, IN, in 2013 and 2014. All
studies were arranged in a randomized complete block design with four replications and
eight treatments (Tables 1 – 4). Each experiment used the muskmelon variety “Athena”
seeded and grown in greenhouses for 4-5 weeks until transplanted into the field.

Experimental units were single rows 6.1 m long with black plastic mulch and
trickle irrigation. Spacing between plants within a row was 61 cm and spacing between
rows was 1.8 m at Vincennes and 2.4 m at Lafayette. Imidacloprid (Admire Pro) soil
insecticide was applied as a transplant drench to the chemical standard treatment
immediately after melons were transplanted into the field at 3.8ml/ 8.8L of water per
treatment. Furthermore, permethrin (Pounce 3.2 EC) at Vincennes or lambdacyhalothrin
(Warrior IEC) at Lafayette was applied weekly as a foliar spray based on to standard
chemical treatment beginning one week after transplanting and continuing for 5 weeks.
Planting dates for the Vincennes location were 15 May 2013 and 5 May 2014 and for the
Lafayette location were 28 June 2013 and 28 May 2014.
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Data collection

Data collection began two days after transplanting seedling. Live and dead beetles
were counted three times per week at Lafayette and weekly at Vincennes. Beetles were
counted per plant under the vines and on the leaves using visual inspection. Beetle scouting
ended when the plant became too large to find beetles. Missing or totally damaged plants
were replanted during the first two weeks. Data were collected on plant vigor, disease rate,
and vine length. Muskmelon plants vigor and disease presence were rated visually based
on the Horsfall-Barratt Scale. We assigned 0 to 10 numbers to rate muskmelon plant vigor
and disease severity, where 0 indicated lack of vigor and 10 indicated high vigor.

We only measured vine length for the first year at both locations. Ripe
muskmelons were hand-harvested 3X per week starting 10 July and ending 8 August
2013 and starting 9 July and ending 8 August, 2014 at Vincennes. Muskmelons at
Lafayette were hand-harvested every 3 to 4 days starting 4 September and ending 24
September 2013 and starting 8 August and ending 21 August, 2014. Each muskmelon
was weighed individually, and their weights were recorded. Only marketable
muskmelons were weighted and harvested from the plants.
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Data Analysis:

Data were analyzed using two- way ANOVA to test whether differences in
treatment means were statistically significant. Densities for live and dead beetles were
compared among the treatments by using two-way ANOVA. The efficacy of acibenzolarS-methyl (Actigard)® on muskmelon was measured by rating the plant vigor and disease
using Horsfall-Barratt scale, and was compared among treatments by using two-way
ANOVA. Means were separated using a Tukey HSD test at p=0.05. Furthermore, severity
of bacterial wilt and incidence rates were scaled by using the Horsfall-Barratt scale, and
data then converted into percentage based on ELANCO table, and then compared among
treatments by using ANOVA.

Yield was determined by counting and weighting each marketable muskmelon
over 14 dates in 2013 at Vincennes and 3 dates at Meigs. In 2014, yield was measured in
the same manner for each muskmelon over 13 dates at Vincennes and 4 dates at Meigs
Lafayette. The total yield mean was compared among treatments with two-way ANOVA.
Means for all variables were separated using a TukeyHSD test at p=0.05. All the data were
analyzed using statistical program software GLM PROC SAS and.
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Result and Discussion

Striped Cucumber Beetles

At Lafayette in 2013, there were very few dead beetles found in the plots and so no
data are presented. At Vincennes in 2013, the dead beetle densities were very low on 18,
20 and 29 of May .There were no significant differences between treatments in the number
of dead beetles (Table 5). In 2014 at Lafayette, the dead beetle densities were higher, and
started increasing on 12 June and continued for approximately 2 weeks (Table 6). Although
there were significant differences in the number of dead beetles on most sampling dates,
the only difference noted was that the insecticide plots had more dead beetles than all the
other plots. No Actigard® treated plots had greater numbers of dead beetles present than
the untreated control. The results were similar at Vincennes in 2014 (Table 7).

The insecticide treated plots frequently had significantly more dead beetles present
than the other treatments but at no time did any Actigard® treatments have significantly
more dead beetles than the untreated control. Based on two years of study at two locations,
there is no evidence to support that Actigard® killed striped cucumber beetles.

In 2013 at Lafayette, there were no significant differences in live beetle numbers
on any sampling date (Table 8). Likewise, in 2013 at Vincennes, there were no
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significant differences in live beetle numbers (Table 9). In 2014 at Lafayette, there were a
number of sampling dates on which there were significant differences in live beetle
counts (Table 10). Most of the differences observed were lower live beetle counts in the
insecticide treated plots. In no case did any of the Actigard ® treated plots have live beetle
counts that were significantly less than the untreated control. In Vincennes, 2014, there
was one sampling date in which there was a significant difference, but again there did not
appear to be any reduction in live beetle numbers resulting from the application of
Actigard® (Table 11). Based on 2 years of study at two locations, there is no evidence
that Actigard® repels striped cucumber beetles, either directly or indirectly.

Plant Vigor

In 2013 at Lafayette, there were two dates on which significant differences were
noted in plant vigor ratings (Table 12). The only observation of note is that in the final
rating on 29 August, the plots treated with six applications of the high rate of Actigard®
had significantly lower vigor than the insecticide treated plots. There were no significant
differences noted on any sampling date in the vigor of plants at Vincennes in 2013 (Table
13). In 2014 at Lafayette, there were a number of dates in which significant differences
were noted in plant vigor (Table 14). Although there is considerable variation in the data
from the different sampling dates, there are two general observations of note. First, the
plots that were treated six times with the high rate of Actigard® , and sometimes other
treatments, often had vigor ratings that were significantly lower than the insecticide
control. Second, the vigor of the untreated control declined rapidly as the season
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progressed, although it did not quite reach the level of being significantly less than the
Actigard® treated plots. Particularly toward the end of the season, there is some indication
that Actigard® may have provided some protection from the decline in plant vigor
observed in the untreated control. At Vincennes in 2014, there were two dates in which
differences in plant vigor were observed, with the difference being that the insecticide
treated plots had significantly higher vigor ratings than some of the Actigard ® treated
plots (Table 15).

Based on 2 years of experiments at two locations, there is some evidence that six
applications of the high rate of Actigard® may have a negative effect of plant vigor. There
is at least some evidence that under conditions of extremely high striped cucumber beetle
infestations and bacterial wilt infection, Actigard® may provide some improvement in
plant vigor compared to the untreated control. This finding was only observed in one
experiment and was not a very strong trend.

Bacterial Wilt

In 2013 at the Lafayette location, there were no significant differences in the
severity of bacterial wilt, although disease pressure was quite low during this season
(Table 16). There were no symptoms of bacterial wilt observed in 2013 at the Vincennes
site. In 2014 at Lafayette, there were significant differences in bacterial wilt severity later
in the season (Table 17). The only consistent differences were that the insecticide treated
plots had less disease than the other treatments. The Actigard® treatments did appear to
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suppress the amount of disease somewhat very late in the season, although only the
treatment that received six applications of the high rate of Actigard ® was significantly
different than the untreated control. In this instance, disease pressure was extremely high.
Even when there was a significant improvement in disease management with Actigard ®,
the level of disease was much higher than in the insecticide treated plots. There were no
significant differences in disease severity in 2014 at Vincennes, although disease pressure
was again quite low at this site (Table 18).

In summary, using the high rate and six applications of Actigard ® did provide
some disease suppression compared to the untreated muskmelon plants when disease
levels were very high but the control was not satisfactory, especially in comparison to the
insecticide treated plots. Overall, there was no strong indication that Actigard ® is a viable
alternative for suppression of bacterial wilt on muskmelons in Indiana.

Yield

In 2013 at Lafayette, there were no significant differences in total weight, number
of fruit, or mean weight per melon (Table 20). Likewise, in 2013 at Vincennes, there
were no significant differences in any of the yield measures (Table 21). In 2014 at
Lafayette, where beetle numbers were high and bacterial wilt was severe, the insecticide
treated plots had significantly higher weights and more fruit than the other treatments.
None of the acibenzolar-S-methyl treatments had yields that were significantly higher
than the untreated control. There were significant differences in the mean weight (kg)
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fruit, but the most important difference was that the plots that received six applications of
the high rate of acibenzolar-S-methyl had lower weights per fruit than several of the other
treatments, including the insecticide treated plots. There were significant differences in
the total fruit weight and number of fruit in the 2014 Vincennes trial (Table 23).
However, none of the Actigard® treated plots had higher yield measurements than either
the insecticide treated plots or the untreated control. There were no significant differences
in mean weight per fruit. There is no evidence that the application of Actigard ® had any
positive affect on yield and in some cases may actually reduce yield.
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CHAPTER 3 CONCLUSION

The efficacy of acibenzolar-S-methyl-S-methyl (Actigard) ® was tested on
muskmelon plants in two different locations in 2013 and 2014. The purpose of these 2
years experiments was to determine the potential of acibenzolar-S-methyl efficacy to
reduce bacterial wilt severity and beetle feeding on muskmelon plant. Acibenzolar-Smethyl (Actigard) ® at either high or low concentrations did show any significant reduction
in bacterial wilt severity. However, this product at times negatively impacted the
muskmelon plant vigor and reduced yield. In addition, our findings suggest that
acibenzolar-S-methyl (Actigard) ® was not capable of substituting for insecticide use on
the plants because it neither repelled nor killed beetles while foraging.

Results of these experiments somewhat confirmed the unpublished data collected
in 2011 and 2012 by Kleczewski and Egel unpublished data at the Southwest Purdue
Agriculture center that acibenzolar-S-methyl is impacting the plant vigor and yield
negatively. Kleczewski and Egel used acibenzolar-S-methyl (Actigard) ® at high
concentration and high application rates while we used acibenzolar-S-methyl at either high
or low concentration with different application rates. Kleczewski and Egel indicated that
acibenzolar-S-methyl might be useful tool against bacterial wilt, but our finding indicated
that acibenzolar-S-methyl is not a good tool to control bacterial wilt.
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Our recommendation to commercial muskmelon growers is that we did not find
strong and sufficient evidence through the period of the research in either location to
present any proof that acibenzolar-S-methyl (Actigard) ® can work as a SAR inducer to
reduce the bacterial wilt severity in muskmelon; moreover, Actigard® cannot substitute for
insecticide either to kill or repel the striped cucumber beetles.

TABLES
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Table 1: Spray application information, Throckmorton Purdue Agriculture Center, 2013,
Lafayette, IN (Meigs).
Treatment

Rate/A

Spray timing (Weeks after
planting on 28 June)

1

1. Admire pro

10.5 fl

01

Warrior

2.6 ml

1, 2,3,4,5

2. Actigard

0.5 oz.

0-5

3.Actigard

1.0 oz.

0-5

4.Actigard

0.5 oz.

0,2,4

5.Actigard

1.0 oz.

0,2,4

6.Actigard

0.5 oz.

0,1,2

7.Actigard

1.0 oz.

0,1,2

8. Untreated

-----------------

unsprayed

0 is the first spray application that were applied soon after transplanting baby muskmelon in the field.
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Table 2: Spray application information, Southwest Purdue Agriculture Center, 2013,
Vincennes, IN (SWPAC).
Treatment

Rate/A

Spray timing (Weeks after
planting on 15 May)

1. Admire pro

10.5 fl

0

permethrin

8 fl oz

1, 2,3,4,5

2. Actigard

0.5 oz.

0-5

3.Actigard

1.0 oz.

0-5

4.Actigard

0.5 oz.

0,2,4

5.Actigard

1.0 oz.

0,2,4

6.Actigard

0.5 oz.

0,1,2

7.Actigard

1.0 oz.

0,1,2

8. Untreated

-----------------

unsprayed

39
Table 3: Spray application information, Throckmorton Purdue Agriculture Center, 2014,
Lafayette, IN (Meigs).
Treatment

Rate/A

Spray timing (Weeks after
planting on 28 May)

1. Admire pro

10.5 fl

0

Warrior

2.6 ml

1, 2,3,4,5

2. Actigard

0.5 oz.

0-5

3.Actigard

1.0 oz.

0-5

4.Actigard

0.5 oz.

0,2,4

5.Actigard

1.0 oz.

0,2,4

6.Actigard

0.5 oz.

0,1,2

7.Actigard

1.0 oz.

0,1,2

8. Untreated

-----------------

unsprayed
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Table 4: Spray application information southwest Purdue Agriculture Center, 2014
Vincennes, IN (SWPAC).
Treatment

Rate/A

Spray timing (Weeks after
planting on 20 May)

1. Admire pro

10.5 fl

0

permethrin

8 fl oz

1, 2,3,4,5

2. Actigard

0.5 oz.

0-5

3.Actigard

1.0 oz.

0-5

4.Actigard

0.5 oz.

0,2,4

5.Actigard

1.0 oz.

0,2,4

6.Actigard

0.5 oz.

0,1,2

7.Actigard

1.0 oz.

0,1,2

8. Untreated

-----------------

unsprayed
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Table 5: Mean number of dead striped cucumber beetles per muskmelon plant, 2013,
Vincennes, IN (SWPAC).

Treatment

1.Admire Pro
Permethrin
2.Actigard
0.5 oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

Spray timing
(weeks after
planting on 15
May)
0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

Mean No. Dead
Beetles
Date
4/6

11/6

6.50

21.50

0.00

0.50

2.25

16.25

0.00

1.00

0.00

0.00

0.00

0.25

0.00

1.25

0.00

0.00

0.140

0.211

On dates 18, 20, 23 and 29 of May there were no beetles in the fields
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Table 6: Mean number of dead striped Cucumber beetles per muskmelon plant, 2014,
Lafayette, IN. (Meigs).

Mean No. Dead Beetles
Treatment

1.Admire Pro
Warrior
2.Actigard
0.5 oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

Spray timing
(weeks after
planting on 28
May)
0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

Date
30/5

12/6

16/6

19/6

23/6

26/6

30/6

0

4.100a

9.28 a

7.15 a

7.64 a

5.99 a

3.72 a

0

0.000a

0.00 b

0.00 b

0.00 b

0.33 b

0.05 b

0

0.000a

0.00 b

0.03 b

0.03 b

0.21 b

0.00 b

0

0.000a

0.10 b

0.00 b

0.08 b

0.08 b

0.05 b

0

0.000a

0.13 b

0.00 b

0.06 b

0.13 b

0.03 b

0

0.025a

0.05 b

0.03 b

0.00 b

0.46 b

0.05 b

0.05

0.004a

0.05 b

0.15 b

0.20 b

0.37 b

0.05 b

0

0.025a

0.00 b

0.13 b

0.23 b

0.13 b

0.08 b

0.46

0.12a

.0001*

0.002*

.0008*

.0001*

.0001*

Means followed by the same letter are not significantly different at the P>0.05 level (Tukeys).
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Table 7: Mean number of dead striped Cucumber beetles per muskmelon plant, 2014,
Vincennes, IN (SWPAC).

Treatment

1.Admire Pro
Permethrin
2.Actigard
0.5 oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

Spray
timing
(weeks after
planting on
20May)
0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

Mean No. Dead Beetles
Date
27/5

3/6

10/6

17/6

1/7

0.00

2.40 a

0.83 a

0.78 a

0.00

0.00

0.00 b

0.00 b

0.08 ab

0.03

0.00

0.00 b

0.00 b

0.00 b

0.00

0.00

0.03 b

0.00 b

0.00 b

0.03

0.00

0.00 b

0.00 b

0.00 b

0.00

0.00

0.00 b

0.00 b

0.00 b

0.03

0.00

0.03 b

0.00 b

0.00 b

0.00

0.00

0.00 b

0.00 b

0.00 b

0.05

.0001*

0.004*

0.021*

0.638

Means followed by the same letter are not significantly different at the P>0.05 level (Tukeys).
In June 10th there were only dead counts on treatment number 1, and rests of the treatments were
zeros.
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Table 8: Mean number of live striped cucumber beetles per muskmelon plant, 2013,
Lafayette, IN (Meigs).

Treatment

Mean No. Live Beetles

Spray timing
(weeks after
planting on
28 June)

Date
18/7

1.Admire Pro
Warrior
2.Actigard 0.5
oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

22/7

25/7

29/7

1/8

0

2.10

3.60

2.50

2.70

0

0.10

1.80

2.00

2.80

0

1.70

1.80

1.40

1.70

0

1.40

2.80

2.40

2.10

0

2.20

3.60

1.60

2.00

0

0.90

1.60

2.70

3.20

0

0.90

1.70

2.20

2.50

0

1.00

3.60

2.40

4.20

0.85

0.91

0.99

0.89

0

On the dates of 5, 8, 11 and 15 July there were no beetles in the field.
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Table 9: Mean number of live striped cucumber beetles per muskmelon plant, 2013,
Vincennes, IN (SWPAC).

Mean No. Live Beetles
Treatment

1.Admire Pro
Permethrin
2.Actigard
0.5 oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

Spray timing
(weeks after
planting on
15 May )
0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

Date
4/6

11/6

0.63

0.53

0.68

0.23

0.78

0.68

0.48

0.43

0.65

0.40

0.55

0.55

0.70

0.35

0.50

0.53

0.9184

0.8201

On dates 18, 20, 23 and 29 of May there were no beetles in the fields.
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Table 10: Mean number of live striped cucumber beetles per muskmelon plant, 2014,
Lafayette, IN (Meigs).

Mean No. Live Beetles
Treatment

1.Admire Pro
Warrior
2.Actigard 0.5
oz./A
3. Actigard 1.0
oz./A
4. .Actigard 0.5
oz./A
5.Actigard 1.0
oz./A
6. .Actigard 0.5
oz./A
7. Actigard 1.0
oz./A
8.Untreated
P>F

Spray timing
(weeks after
planting on 28
May)
0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

Date
30/5

12/6

16/6

19/6

23/6

26/6

30/6

0.00

0.05b

0.57b

0.15b

0.10b

0.13b

0.03b

0.65

4.40a

4.43ab

2.63ab

1.23ab

1.37ab

0.48ab

0.90

3.23ab

5.58ab

2.79ab

1.78a

2.27a

1.04ab

1.08

3.10ab

5.33ab

2.25ab

1.20ab

1.93a

2.05a

1.18

5.80a

8.81a

4.76a

1.40ab

2.20a

0.85ab

0.58

3.58ab

4.41ab

3.90a

1.36ab

1.61ab

0.98ab

0.45

4.43a

4.33ab

3.05ab

0.63ab

1.14ab

0.62ab

1.58

3.68ab

9.00a

3.86a

1.26ab

1.95ab

0.96ab

0.34

0.02*

0.04*

0.007* 0.01*

0.01*

0.04*

Means followed by the same letter are not significantly different at the P>0.05 level (Tukeys).
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Table 11: Mean number of live striped cucumber beetles per muskmelon plants, 2014,
Vincennes, IN (SWPAC).

Treatment

Mean No. Live Beetles

Spray timing
(weeks after
planting on 20
May)

Date
27/5

1.Admire Pro
Permethrin
2.Actigard 0.5
oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard 1.0
oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

0
1,2,3,4,5
0,1,2,3,4,5
0,1,2,3,4,5
0,2,4
0,2,4
0,1,2
0,1,2
-----------

3/6

10/6

17/6

1/7

0.00

0.18

0.03 b

0.58

0.15

0.00

0.48

0.85a

0.70

0.23

0.00

0.88

0.50 ab

1.10

0.18

0.00

0.50

0.70 ab

0.60

0.18

0.00

0.90

0.80 ab

1.00

0.38

0.00

0.85

0.50 ab

0.45

0.08

0.00

0.60

0.30 ab

0.78

0.43

0.00

0.63

0.63 ab

0.75

0.05

0.3384

0.04571* 0.5259

0.4835

Means followed by the same letter are not significantly different at the P>0.05 level (Tukeys).
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Table12: Mean of the muskmelon vigor that were rated at scales of 1-10 numbers. 10
number shows a vigorous and healthy plant, and less than 10 shows weak plant health
based on the Horsfall-Barratt Scale, 2013, Lafayette, IN (Meigs).

Treatment
1.Admire Pro
Warrior
2.Actigard 0.5
oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

Spray timing
(weeks after
planting on
28 June)
0
1,2,3,4,5

Muskmelon Plant Vigor rating

7.75

9.50

8.75

9.75 a

9.00

8.75

9.75

9.00 a

0,1,2,3,4,5

9.50

9.00

8.25

9.00 ab 8.50

8.50

8.75

7.75 ab

0,1,2,3,4,5

8.00

7.50

7.75

7.50 ab 7.25

7.75

6.75

6.00 b

0,2,4

9.25

9.75

8.75

10.00 a

9.75

9.75

9.50

8.25 ab

0,2,4

8.25

8.00

8.75

8.75 ab 8.75

8.25

8.00

7.50 ab

0,1,2

9.25

9.20

9.25

9.00 ab 7.75

9.00

8.75

8.50 ab

0,1,2

9.50

9.50

7.50

9.75 a

9.50

9.25

8.75 ab

-------

9.25
0.1612

9.25
0.1016

8.75
0.9497

9.25 ab 9.00
0.0032 0.2007

8.50
0.6554

8.50
0.1310

8.75 ab
0.0457

5/8

7/8

12/8

14/8

19/8

9.75

22/8

26/8

Means followed by the same letter are not significantly different at the P>0.05 level (Tukeys).

29/8
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Table 13: Mean of the muskmelon vigor that were rated at scales of 1-10 numbers. 10
number shows a vigorous and healthy plant, and less than 10 shows weak plant health
based on the Horsfall-Barratt Scale, 2013, Vincennes IN (SWPAC).

Treatment

1.Admire Pro
Permethrin
2.Actigard
0.5 oz./A
3. Actigard
1.0 oz./A
4. .Actigard
0.5 oz./A
5.Actigard
1.0 oz./A
6. .Actigard
0.5 oz./A
7. Actigard
1.0 oz./A
8.Untreated
P>F

Spray timing
(weeks after
planting on
15 May )

Muskmelon Plant vigor Rating
30/6

11/6

3/7

10/7

0
1,2,3,4,5

0.67

7.75

1.00

0.50

0,1,2,3,4,5

1.50

7.00

0.75

1.00

0,1,2,3,4,5

0.25

7.25

0.50

0.50

0,2,4

0.50

7.75

1.00

0.75

0,2,4

1.00

7.25

0.50

1.00

0,1,2

0.75

7.33

1.25

2.00

0,1,2

0.50

7.25

1.25

1.25

-----------

1.50

8.25

0.25

1.00

0.1095

0.8201

0.8686

0.3996

0.1095

50

51

52

53

54

55

56
Table 20: Mean weight (kg) of muskmelons per plot, mean number of melons per plot,
and mean weight per melon, 2013, Lafayette, IN (Meigs).

Treatment

1.Admire Pro
Warrior
2.Actigard
0.5 oz/A
3. Actigard
1.0 oz/A
4. .Actigard
0.5 oz/A
5.Actigard
1.0 oz/A
6. .Actigard
0.5 oz/A
7. Actigard
1.0 oz/A
8.Untreated
P>F

z
x

Spray timing
(weeks after
planting on
28 June )

Harvest Dates
Total
Number of
Weight(Kg) z Fruitx

Weight/Fruit
kg

33.34

19.00

1.94

0,1,2,3,4,5

43.65

25.75

1.70

0,1,2,3,4,5

31.51

18.75

1.73

0,2,4

45.98

24.50

1.89

0,2,4

35.41

19.75

1.72

0,1,2

51.08

29.25

1.75

0,1,2

46.71

26.25

1.61

-----------

61.11
0.4762

26.00
0.7139

2.17
0.6688

0
1,2,3,4,5

weight is given per plot.
number of fruit is given per plot.
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Table 21: Mean weight (kg) of muskmelons per plot, mean number of melons per plot,
and mean weight per melon, 2013, Vincennes, IN (SWPAC).

Treatment

1.Admire Pro
Permethrin
2.Actigard
0.5 oz/A
3. Actigard
1.0 oz/A
4. .Actigard
0.5 oz/A
5.Actigard
1.0 oz/A
6. .Actigard
0.5 oz/A
7. Actigard
1.0 oz/A
8.Untreated
P>F

z
x

Spray timing
(weeks after
planting on
28 June )

Harvest Dates
Total
Number of
Weight(Kg) z Fruitx

Weight/Fruit
kg

39.32

16.75

2.34

0,1,2,3,4,5

28.51

14.00

2.05

0,1,2,3,4,5

33.14

15.50

2.15

0,2,4

28.47

13.25

2.14

0,2,4

26.61

12.00

2.23

0,1,2

32.87

14.50

2.26

0,1,2

31.37

13.75

2.32

-----------

38.88

16.25

2.41

0.0512

0.3084

0.0730

0
1,2,3,4,5

weight is given per plot.
number of fruit is given per plot.
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Table 22: Mean weight (kg) of muskmelons per plot, mean number of melons per plot,
and mean weight per melon, 2014, Lafayette, IN (Meigs).

Treatment

1.Admire Pro
Warrior
2.Actigard
0.5 oz/A
3. Actigard
1.0 oz/A
4. .Actigard
0.5 oz/A
5.Actigard
1.0 oz/A
6. .Actigard
0.5 oz/A
7. Actigard
1.0 oz/A
8.Untreated
P>F

z

Spray timing
(weeks after
planting on
28 June )

Harvest Dates

0
1,2,3,4,5

Total
Number of
Weight(Kg) z Fruitx

Weight/Fruit
kg

95.58 a

33.00 a

2.89 ab

0,1,2,3,4,5

37.21 b

15.25 b

2.45 bc

0,1,2,3,4,5

43.96 b

19.00 b

2.32 c

0,2,4

36.27 b

14.00 b

2.69 abc

0,2,4

35.83b

14.50 b

2.48 abc

0,1,2

26.47 b

9.25 b

2.86 ab

0,1,2

34.79 b

12.25 b

2.92 a

-----------

18.85 b

7.25 b

2.63abc

<.0001

<.0001

0.0009

weight is given per plot.
number of fruit is given per plot.
Means followed by the same letters are significantly different at the P>0.05 level (Tukeys).
x
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Table 23: Mean weight (kg) of muskmelons per plot, mean number of melons per plot,
and mean weight per melon, 2014, Vincennes, IN (SWPAC).

Treatment

1.Admire Pro
Permethrin
2.Actigard
0.5 oz/A
3. Actigard
1.0 oz/A
4. .Actigard
0.5 oz/A
5.Actigard
1.0 oz/A
6. .Actigard
0.5 oz/A
7. Actigard
1.0 oz/A
8.Untreated
P>F

Spray timing
(weeks after
planting on
28 June )

Harvest Dates
Weight/Fruit

0
1,2,3,4,5

Total
Number of
Weight(Kg) z Fruitx
32.08 a

13.00 a

2.48

0,1,2,3,4,5

26.97 ab

11.75 ab

2.31

0,1,2,3,4,5

20.07bc

9.00 bc

2.27

0,2,4

20.38bc

9.25 abc

2.22

0,2,4

14.94c

6.75 c

2.33

0,1,2

31.09a

12.00 ab

2.59

0,1,2

32.31a

11.75 ab

2.75

-----------

28.03ab

10.25 abc

2.75

<.0001

0.0006

0.3027

weight is given per plot.
number of fruit is given per plot.
Means followed by the same letters are significantly different at the P>0.05 level (Tukeys).
z

x

REFERENCES

60

REFERENCES
Adams, R.G., Ashley, R.A., & Brennan, M.J. 1990. Row covers for excluding insect pests from
broccoli and summer squash plantings. J.Econ. Entomol, 83(3): 948-954.
Adler, L. S., & Hazzard, R. V. 2009. Comparison of perimeter trap crop varieties: effects on
herbivory, pollination, and yield in butternut squash. Environ. Entomol. 38(1): 207-215.
Ainsworth, G. C. 1981. Introduction to the history of plant pathology. Cambridge University
Press. Pg.68.
An, C., & Mou, Z. 2011. Salicylic Acid and its Function in Plant Immunity F.Journal of
Integrative Plant Biology 53(6): 412-428.
Baysal, Ö, Soylu, E. M., & Soylu, S. 2003. Induction of defence‐related enzymes and resistance
by the plant activator acibenzolar‐S‐methyl in tomato seedlings against bacterial canker
caused by Clavibacter michiganensis ssp. michiganensis. Plant pathology 52(6): 747-753.
Boriss, H., Brunke, H., & Kreith, M. 2006. Commodity profile: melons.Agricultural

Marketing

Research Center, University of California.
Brandt, Katie, "Organic Options for Striped Cucumber Beetle Management in Cucumbers"
(2012). Masters Theses. Paper (29): 1-6.
Brisset, M. N., Cesbron, S., Thomson, S. V., & Paulin, J. P. 2000. Acibenzolar-S-methyl induces
the accumulation of defense-related enzymes in apple and protects from fire
blight. European Journal of Plant Pathology, 106(6): 529-536.

61
Brust, G. E. 1997. Interaction of Erwinia tracheiphila and muskmelon plants. Environ.
Entomol, 26(4): 849-854.
Brust, G. E., & Foster, R. E. 1995. Semiochemical-Based Toxic Baits for Control of Striped
CucUIDberBeetle (Coleoptera: Chrysomelidae) in Cantaloupe. Econ.Entomol, 88(1): 112116.
Brust, G. E., & Foster, R. E. 1999. New economic threshold for striped cucumber beetle
(Coleoptera: Chrysomelidae) in cantaloupe in the Midwest. J. Econ. Entomol, 92(4): 936940.
Brust, G. E., & Rane, K. K. 1995. Differential occurrence of bacterial wilt in muskmelon due to
preferential striped cucumber beetle feeding. HortScience, 30(5): 1043-1045.
Brust, G. E., Foster, R. E., & Buhler, W. G. (1996). Comparison of insecticide use programs for
managing the striped cucumber beetle (Coleoptera: Chrysomelidae) in muskmelon. J. Econ.
Entomol, 89(4): 981-986.
Buonaurio, R., Scarponi, L., Ferrara, M., Sidoti, P., & Bertona, A. 2002. Induction of systemic
acquired resistance in pepper plants by acibenzolar-S-methyl against bacterial spot
disease. European Journal of Plant Pathology 108(1): 41-49.
Burkholder, W. H. 1960. Some observations on Erwinia tracheiphila, the causal agent of cucurbit
wilt. Phytopathology, 50(2): 179-180.
Burkness, E. C., & Hutchison, W. D. 1998. Development and validation of a fixed-precision
sampling plan for estimating striped cucumber beetle (Coleoptera: Chrysomelidae) density
in cucurbits. Environ. Entomol, 27(2): 178-183.

62
Cameron, R. K., Dixon, R. A., & Lamb, C. J. 1994. Biologically induced systemic acquired
resistance in Arabidopsis thaliana. The Plant Journal 5(5): 715-725.
Capinera, J. 2001. Handbook of vegetable pests. Gulf Professional Publishing (pp-75-77).
Carroll, C.R. and C.A. Hoffman 1980. Chemical feeding deterrent mobilized in response to insect
herbivory and counter adaption by Epilachna tredecimnotata.Science 209:414-416.
Caudle, John R., "Control of Erwinia tracheiphila in Cucumis melo" 2013. Theses and
Dissertations--Plant and Soil Sciences.University of Kentucky. Paper 36 (pp 1-6).
Cavanagh, A., Hazzard, R., Adler, L. S., & Boucher, J. 2009. Using trap crops for control of
Acalymma vittatum (Coleoptera: Chrysomelidae) reduces insecticide use in butternut
squash. J. Econ. Entomol, 102(3):1101-1107.
Cole, D. L. 1999. The efficacy of acibenzolar-S-methyl, an inducer of systemic acquired
résistance, against bacterial and fungal diseases of tobacco. Crop protection, 18(4): 267273.
Cools, H. J., & Ishii, H. 2002. Pre-treatment of cucumber plants with acibenzolar-S-methyl
systemically primes a phenylalanine ammonia lyase gene (< i> PAL1</i>) for enhanced
expression upon attack with a pathogenic fungus.Physiological and Molecular Plant
Pathology 61(5): 273-280.
Csinos, A. S., Pappu, H. R., McPherson, R. M., & Stephenson, M. G. 2001. Management of
Tomato spotted wilt virus in flue-cured tobacco with acibenzolar-S-methyl and
imidacloprid. Plant Disease 85(3): 292-296.
Da Costa, C. P., & Jones, C. M. 1971. Cucumber beetle resistance and mite susceptibility
controlled by the bitter gene in Cucumis sativus L. Science, 172(3988): 1145-1146.

63
De Mackiewicz, D., Gildow, F. E., Blua, M., Fleischer, S. J., & Lukezic, F. L. 1998. Herbaceous
weeds are not ecologically important reservoirs of Erwinia tracheiphila. Plant
disease, 82(5): 521-529.
Elbert, A., Haas, M., Springer, B., Thielert, W., & Nauen, R. 2008. Applied aspects of
neonicotinoid uses in crop protection. Pest management science, 64(11): 1099-1105.
Elbert, A., Overbeck, H., Iwaya, K., & Tsuboi, S. 1990. Imidacloprid, a novel systemic
nitromethylene analogue insecticide for crop protection. In Brighton Crop Protection
Conference, Pests and Diseases-1990. Vol. 1. (pp. 21-28). British Crop Protection Council.
Ellers-Kirk, C., & Fleischer, S. J. 2006. Development and life table of Acalymma vittatum
(Coleoptera: Chrysomelidae), a vector of Erwinia tracheiphila in cucurbits. Environ.
Entomol, 35(4): 875-880.
Fleischer, S. J., De Mackiewicz, D., Gildow, F. E., & Lukezic, F. L. 1999. Serological estimates
of the seasonal dynamics of Erwinia tracheiphila in Acalymma vittata (Coleoptera:
Chrysomelidae). Environmental entomology, 28(3): 470-476.
Fleischer, S. J., Orzolek, M. D., Mackiewicz, D. D., & Otjen, L. 1998. Imidacloprid effects on
Acalymma vittata (Coleoptera: Chrysomelidae) and bacterial wilt in cantaloupe. J.Econ
Entomol 91(4): 940-949.
Foster, R. E., & Brust, G. E. 1995. Effects of insecticides applied to control cucumber beetles
(Coleoptera: Chrysomelidae) on watermelon yields. Crop Protection, 14(8): 619-624.
Foster, R.E., and J.Brust. 1997. New approaches to cucumber beetle and bacterial wilt
management in cucurbits in the Midwestern United States. Recent Res.Dev.Entomol. 1:5971.

64
Foschini, Fabrizio. 2011. Melons: Afghan riches at the surface level. Afghanistan
Analysts Network, Independent nonprofit research organization. Pg. (1-10).
Garcia-Salazar, C., Gildow, F. E., Fleischer, S. J., Cox-Foster, D., & Lukezic, F. L. 2000 a.
Alimentary canal of adult Acalymma vittata (Coleoptera: Chrysomelidae): morphology and
potential role in survival of Erwinia tracheiphila (Enterobacteriaceae). The Canadian
Entomologist, 132(01), 1-13.
Garcia-Salazar, C., Gildow, F. E., Fleischer, S. J., Cox-Foster, D., & Lukezic, F. L. 2000 b.
ELISA versus immunolocalization to determine the association of Erwinia tracheiphila in
Acalymma vittatum (Coleoptera: Chrysomelidae).Environ.Entomol, 29(3), 542-550.
Görlach, J., Volrath, S., Knauf-Beiter, G., Hengy, G., Beckhove, U., Kogel, K. H. ... & Ryals, J.
1996. Benzothiadiazole, a novel class of inducers of systemic acquired resistance, activates
gene expression and disease resistance in wheat. The Plant Cell Online, 8(4), 629-643.
Gould, G. E. 1944. The biology and control of the striped cucumber beetle. Bulletin 490, Indiana
Agricultural Experimental Station, Lafayette, Indiana, USA.
Gould, G.E. 1944. The biology and control of the striped cucumber beetle. Indiana Agriculture
Expriment Station Bulletin 490.
Gould, Sasu, M. A., Seidl-Adams, I., Wall, K., Winsor, J. A., & Stephenson, A. G. (2010). Floral
transmission of Erwinia tracheiphila by cucumber beetles in a wild Cucurbita
pepo. Environmental entomology, 39(1), 140-148.G. E. (1944). Biology and control of the
striped cucumber beetle.
Goulson, D. 2013: An overview of the environmental risks posed by neonicotinoid insecticides.
Applied Ecol, 50: 977–987. doi: 10.1111/1365-2664.12111

65
Govrin, E. M., & Levine, A. 2002. Infection of Arabidopsis with a necrotrophic pathogen,
Botrytis cinerea, elicits various defense responses but does not induce systemic acquired
resistance (SAR). Plant molecular biology 48(3): 267-276.
Halaweish, F. T., Tallamy, D. W., & Santana, E. 1999. Cucurbitacins: A role in cucumber beetle
steroid nutrition? Journal of chemical ecology, 25(10): 2373-2383.
Hardman, J. M., Rogers, R. E. L., & MacLellan, C. R. 1988. Advantages and disadvantages of
using pyrethroids in Nova Scotia apple orchards. J. Econ. Entomol, 81(6): 1737-1749.
Hladun, K. R., and L. S. Adler. 2008. Effects of perimeter trap crop pollen on reproduction in
butternut squash (Cucurbita moschata). HortScience 43: 276–278.
Hoffmann, M. P., R. Ayyappath, and J. J. Kirkwyland. 2000. Yield response of pumpkin and
winter squash to simulated cucumber beetle (coleoptera : Chrysomelidae) feeding injury. J.
Econ. Entomol. 93:136–140.
Hoffamann, M.P., Robinson, R.W., Kyle, M.M., and Kirkwyland,. J.J. 1996. Defoliation and
infestation of Cucurbita pepo genotypes by diabroticite beetles. Hortscience 31:439–442.
Huang, Y., Deverall, B. J., Tang, W. H., Wang, W., & Wu, F. W. 2000. Foliar application of
acibenzolar-S-methyl and protection of postharvest rock melons and Hami melons from
disease. European Journal of Plant Pathology, 106(7), 651-656.
Huang, Y., Deverall, B. J., Tang, W. H., Wang, W., & Wu, F. W. 2000. Foliar application of
acibenzolar-S-methyl and protection of postharvest rock melons and Hami melons from
disease. European Journal of Plant Pathology 106(7): 651-656.

66
Ishii, H., Tomita, Y., Horio, T., Narusaka, Y., Nakazawa, Y., Nishimura, K., & Iwamoto, S. 1999.
Induced resistance of acibenzolar-S-methyl (CGA 245704) to cucumber and Japanese pear
diseases. European Journal of Plant Pathology 105(1): 77-85.
Kerje, T., & Grum, M. 2000. The origin of melon, Cucumis melo: a review of the literature. In VII
Eucarpia Meeting on Cucurbit Genetics and Breeding 510 (pp. 37-44).
Kessmann H, Oostendorp M, Staub T, Goerlach J, Friedrich L, Lawton K and Ryals J .1996.
CGA 245704, mode of action of a new plant activator. In: Brighton Crop Protection
Conference - Pests and Diseases (pp 961-966), British Crop Protection Council, Farnham,
UK.
Krupke CH, Hunt GJ, Eitzer BD, Andino G, Given K 2012. Multiple routes of pesticide exposure
for honey bees living near agricultural fields. PLoS ONE 7(1): e29268.
doi:10.1371/journal.pone.0029268
Latin, R. X. 1993. Bacterial wilt, p.29. In R. X. Latin [ed.], Diseases and pests of muskmelons
and watermelons. Purdue University, Cooperative Extension Service, West Lafayette, IN.
Lester, G. 2006. Consumer preference quality attributes of melon fruits. In IV International
Conference on Managing Quality in Chains-The Integrated View on Fruits and Vegetables
Quality 712 (pp. 175-182).
Louws, F. J., Wilson, M., Campbell, H. L., Cuppels, D. A., Jones, J. B., Shoemaker, P. B., ... &
Miller, S. A. 2001. Field control of bacterial spot and bacterial speck of tomato using a
plant activator. Plant Disease 85(5): 481-488.

67
Lukezic, F. L., W. M. Sackett, S. J. Fleischer, M. D. Orzolek, and F. E. Gildow. 1996. Inßuence
of concentration of Erwinia tracheiphila cells on the development of wilt symptoms in
field-grown cucumbers and cantaloupe plants. Phytopathol. Abstr. 86: S123.
Mallick, M. F. R., & Masui, M.1986. Origin, distribution and taxonomy of melons. Scientia
Horticulturae, 28(3): 251-261.
Maxson-Stein, K., He, S. Y., Hammerschmidt, R., & Jones, A. L. 2002. Effect of treating apple
trees with acibenzolar-S-methyl on fire blight and expression of pathogenesis-related
protein genes. Plant Disease, 86(7): 785-790.
Metcalf, R.L., Rhodes, A.M., Metcalf, R.A., Ferguson, J., Metacalf, E.R., & Lu, P. Y. 1982.
Cucurbitacin contents and diabroticite (Coleoptera: Chrysomelidae) feeding upon
Cucurbita spp. Environ. Entomol, 11(4): 931-937.
Mitchell, R. F., & Hanks, L. M. 2009. Insect frass as a pathway for transmission of bacterial wilt
of cucurbits. Environ. Entomol, 38(2): 395-403.
Nuñez-Palenius, H. G., Gomez-Lim, M., Ochoa-Alejo, N., Grumet, R., Lester, G., & Cantliffe, D.
J. 2008. Melon fruits: genetic diversity, physiology, and biotechnology features. Critical
reviews in biotechnology, 28(1):13-55. p 36.
Pitrat, M., Chauvet, M., & Foury, C.1997. Diversity, history and production of cultivated
cucurbits. In I International Symposium on Cucurbits 492 (pp. 21-28).
Reed, D. K., Warthen, J. D., Uebel, E. C., & Reed, G. L. 1982. Effects of two triterpenoids from
neem on feeding by cucumber beetles (Coleoptera: Chrysomelidae). J. Econ.
Entomol, 75(6):1109-1113.

68
Rhodes, A. M., R. L. Metcalf, and E. R. Metcalf. 1980. Diabroticite beetle responses to
curcurbitacin kairomones in Cucurbita hybrids. J. Am. Soc. Hortic. Sci. 105: 838– 842.
Rogers, Mary A. 2012. "Efficacy of Biopesticides for Organic Management of Cucumber
Beetles." PhD diss., University of Tennessee (pp. 1- 30).
Rohilla, R., Singh, U. S., & Singh, R. L. 2002. Mode of action of acibenzolar‐S‐methyl against
sheath blight of rice, caused by Rhizoctonia solani Kühn.Pest management science 58(1):
63-69.
Rojas, E. S., & Gleason, M. L. 2012. Epiphytic survival of Erwinia tracheiphila on muskmelon
(Cucumis melo L.). Plant Disease, 96(1): 62-66.
Rojas, E. S., Gleason, M. L., Batzer, J. C., & Duffy, M. 2011. Feasibility of delaying removal of
row covers to suppress bacterial wilt of muskmelon Cucumis melo. Plant Disease, 95(6):
729-734.
Romero, A. M., Kousik, C. S., & Ritchie, D. F. 2001. Resistance to bacterial spot in bell pepper
induced by acibenzolar-S-methyl. Plant Disease 85(2): 189-194.
Saalau Rojas, Erika. 2013. "Bacterial wilt of cucurbits: Ecology, genetics, and management".
Graduate Theses and Dissertations Iowa State University. Paper 13387 (pp. 37-62).
Sasu, M. A., Seidl-Adams, I., Wall, K., Winsor, J. A., & Stephenson, A. G.2010. Floral
transmission of Erwinia tracheiphila by cucumber beetles in a wild Cucurbita
pepo. Environ. Entomol, 39(1):140-148.
Seebold, Kenneth W., and Ric Bessin,. 2014. "Bacterial Wilt of Cucurbits." Plant Pathology
Fact Sheet PPFS-VG-11.

69
Smith-Becker, J., Keen, N. T., & Becker, J. O. 2003. Acibenzolar-S-methyl induces resistance
to< i> Colletotrichum lagenarium</i> and cucumber mosaic virus in cantaloupe. Crop
Protection 22(5): 769-774.
Smyth, R. and M. P. Hoffmann. 2002. Correspondence between rates of host plant consumption
and responses to Acalymma vittatum male-produced aggregation pheromone. Physiol.
Entomol 27:325–242.
Smyth, R. R., & Hoffmann, M. P. 2003. A male-produced aggregation pheromone facilitating
Acalymma vittatum [F.](Coleoptera: Chrysomelidae) early-season host plant
colonization. Journal of insect behavior, 16(3): 347-359.
Snyder, W. E., & Wise, D. H. 2001. Contrasting trophic cascades generated by a community of
generalist predators. Ecology, 82(6): 1571-1583.
Takeshita, M., Okuda, M., Okuda, S., Hyodo, A., Hamano, K., Furuya, N., & Tsuchiya, K. 2013.
Induction of Antiviral Responses by Acibenzolar-S-Methyl against Cucurbit chlorotic
yellows virus in Melon. Phytopathology 103(9): 960-965.
Tallamy, D. W. 1985. Squash beetle feeding behavior: an adaptation against induced cucurbit
defenses. Ecology, 1574-1579.
Tomizawa, M., & Casida, J. E. (2005). Neonicotinoid insecticide toxicology: mechanisms of
selective action. Annu. Rev. Pharmacol. Toxicol. 45, 247-268.
US Department of Agriculture. 2012. Vegetables 2011 Summary. National Agriculture Statistics
Service. ISSN: 0884-6413.

70
USAID- Agriculture Credit Enhancement, and Afghan Ministry of Agriculture, Statistics &
Marketing Information Department (USAID and MAIL). 2009. Market Brief: Melons and
Watermelons; an overview of Export Potential, pg (1-6).

USAID- Alternative Development Program. Eastern Region and Afghan Ministry of
Agriculture (USAID and MAIL). 2007. Vegetable production. pg. (93-95).
Walters, S. A., & Schultheis, J. R. 2000. Influence of Stand Deficiencies and Replanting
onAthena'Muskmelon Yields. HortTechnology, 10(2): 362-366.
Watterson, J. C., Williams, P. H., & Durbin, R. D. 1971. Response of Cucurbits to Erwinia
tracheiphila. Plant disease reporter, 55(9): 816-819.
Yang, B., Yongcai, L., Yonghong, G., & Yi, W. 2010. Induced resistance in melons by elicitors
for the control of postharvest diseases. In Postharvest Pathology (pp. 31-41). Springer
Netherlands.
Zitter, T. ed. 1997. Compendium of Cucurbit Diseases. American Phytopathological, Society.

